Abstract-In this paper we make use of a case study, involving the use of a product by a given user, to determine the quality of product (QoP). The trustworthiness measurement methodology is made use of to carry out the QoP assessment. The steps involved are discussed and illustrated by the trustworthiness measurement methodology software that we have engineered.
I. INTRODUCTION
In this paper we present a software tool that makes use of the trustworthiness measurement methodology, which was proposed and explained in our earlier publications [1, 2] to determine the Quality of Product (QoP) of a product.
The user enters the identity of the trusting agent and the identity of the trusted entity (product) involved in the interaction, the context of the interaction, the criteria involved in the interaction and the numerical values for the metrics of Actual Behaviour Criterion Correlation (ABCC Criterion ), Mutually Agreed Behaviour Criterion Correlation (MABCC Criterion ), Clarity of Criterion (Clear Criterion ) and Importance of Criterion (Imp Criterion ). Finally, the software tool makes use of CCCI metrics that were proposed our earlier publications [1, 2] determine the trustworthiness value of the trusted entity.
In the next section, Section 2, we present a case study involving an interaction between a trusting agent and a product. Subsequently, in Section 3 -Section 7, we explain the steps in determining the QoP of the product, by utilizing the trustworthiness measurement methodology. The process of determining the QoP is supplemented and explained by demonstrating the working of our trustworthiness measurement methodology software. Finally, Section 8 concludes the paper.
II. TRUSTWORTHINESS MEASUREMENT METHODOLOGY FOR
QUALITY OF PRODUCT ASSESSMENT In this section we give an overview of the process of trustworthiness measurement methodology and how it can be used to determine the Quality of Product (QoP). Due to space constraints we are unable to carry out an in depth discussion and description of the trustworthiness measurement methodology in this paper. Interested readers are requested to refer to [1, 2] for an in depth discussion and description.
The steps involved in the trustworthiness measurement methodology are as follows: 1. Determine the context of interaction between the trusting agent and the trusted entity. 2. Determine the criteria involved in the interaction between the trusting agent and the trusted entity. 3. Develop a criterion assessment policy for each criterion involved in the interaction. 4. Determine the trustworthiness value of the trusted entity in the given context and time slot corresponding to the time spot of interaction by making use of CCCI metrics.
The proposed methodology for determining the Quality of Product (QoP) is exactly similar to the above generic methodology with the exception that the terms are changed to reflect the product domain. The specialized methodology that determines the Quality of Product of a given product comprises of four steps as follows [1] : 1. Determine the context of use by the buyer of the product. In this thesis we make use of the phrase 'interaction between the buyer and the product' to denote the use of the product by the buyer. 
III. CASE STUDY FOR ILLUSTRATION PURPOSES
In this section, we will explain how the Quality of Product (QoP) of a given product can be determined by making use of the trustworthiness measurement methodology. The case study that we use is as follows: As can be seen from the above product specification, the functionalities desired by Alice in the laptop are long battery life and sharp screen resolution. The terms 'long battery life' and 'sharp screen resolution' are fuzzy terms by themselves. They do not precisely express and quantify what Alice means by 'long battery life' and 'sharp screen resolution', since both of these terms are not standards by themselves. For objectively determining the QoP, Alice in her product description should quantify and express the output of both of these desired functionalities in the product in commonly used terminology. For objective QoP assessments and quantifications, the output of each functionality should be quantitatively expressed in terms of standards or widely accepted metrics, as shown follows:
Let us assume that, Alice wants the battery life of her laptop to be more than or equal to 2 hours and the screen resolution to be no less than 1024 * 768 pixels.
Let us, furthermore, assume that Alice has perused the product manuals of all the laptops and has decided to purchase laptop LDV-1000, because its product manual stated that the battery life would be no less than 3 hours and that the screen resolution would be no less than 1024*1024 pixels. Additionally, it claimed that the screen resolution could be lowered to 1024*768 pixels. As mentioned in our earlier publications [1, 2] , the product manual expresses a commitment from the product manufacturer about the quality of the various functionalities that would be provided by the product. The quality of the functionality as mentioned before should be quantified and expressed in commonly agreed terminology in the product manual. If the quantitatively specified functionality of a given product in its manual is agreeable to the trusting agent, then it becomes the mutually agreed functionality.
Let us assume that Alice has used the product and found that the screen resolution of the laptop is 1024*1024 pixels and can be lowered to a resolution of 1024*768 pixels but the battery life of the laptop is between 1.5-2 hours.
Now that Alice has used the product, she is in a position to objectively determine the QoP by employing the trustworthiness measurement methodology. We now explain the step-by-step procedure that Alice needs to follow in order to determine the QoP of LDV-1000 in the context and time slot of the use of the product.
IV. DETERMINING THE CONTEXT OF INTERACTION OR CONTEXT OF USE OF THE PRODUCT
As was mentioned previously, the first step that Alice in her capacity as the trusting agent in determining numerically and semantically the QoP needs to take is to find out the context of interaction or the context of use of the product. Additionally, it was pointed out that the context of use of the product is derived from the mutually agreed functionality. Since the mutually agreed functionality between a given trusting agent and product quantitatively expresses the set of all the functionalities that have been mutually agreed upon, we can infer from the above description that the mutually agreed functionality in the case of use of the product LDV-1000 by Alice would be as follows: 1) A battery life of not less than 3 hours (and) 2) A screen resolution of not less than 1024*1024 pixels, which is adjustable to the desired resolution of 1024*768 pixels.
As mentioned in our earlier publications [1, 2] , the context of the use of the product is a broad summarization of all the functionalities involved in the interaction. Since the functionalities involved in the use of the product by Alice are 'screen resolution' and 'battery life', the context of use of the product LDV-1000 by Alice can be referred to as 'screen resolution and battery life'. we select the trusting agent as a buyer (human agent) and enter the identity as Alice. Figure 3, below shows the trustworthiness measurement methodology software prompting the user to input whether the trusted entity is a service provider or a product and the identity of the trusted entity. In this case, we select the trusted entity as a product and enter its identity as LDV-1000. As was mentioned previously, the second step in the trustworthiness measurement methodology is to determine all the criteria involved in the use of the product. From the above mutually agreed functionality between Alice and the product, it is clearly evident that the two decisive factors that Alice is looking for in her use of the laptop LDV-1000 are as follows; 1. Screen Resolution (and) 2. Battery Life.
Alice would need to determine the QoP of laptop LDV-1000 by taking into account the actual functionality delivered by LDV-1000 on the above two criteria. Figure 5 , below shows the trustworthiness measurement methodology software prompting the user to input all the criteria involved in the use of the product by Alice. In this case, we enter the two criteria as discussed above. 
VI. DEVELOP CRITERION ASSESSMENT POLICIES
As was mentioned previously, the third step in the trustworthiness measurement methodology is to determine the criterion assessment policy for each criterion involved in the interaction. In this case, Alice needs to develop a criterion assessment policy for each of the above two criteria in the interaction, determined in the previous section.
Let us assume for discussion purposes that Alice has developed the following criteria assessment policies.
Criterion Assessment Policy for the Criterion 'Screen Resolution':
If the actual screen resolution of LDV-1000 is greater than or equal to 1024*768 pixels then this criterion has been met by LDV-1000, else not.
Criterion Assessment Metric for the Criterion 'Battery Life':
If the actual battery life of LDV-1000 is greater than or equal to two hours then this criterion has been met by LDV-1000, else not.
We will now explain the step-by-step procedure of determining the QoP of laptop LDV-1000 using CCCI Metrics in the context and time slot of use of the product by Alice.
VII. USE CCCI METRICS TO DETERMINE QOS IN THE GIVEN
CONTEXT AND TIME SLOT The next step that Alice needs to take in order to determine the QoP of LDV-1000 is to apply the CCCI metrics. We explain the step-wise procedure that Alice needs to follow in order to make use of the CCCI metrics to determine the QoP of LDV-1000.
Step 4(a): Determine the ABCC criterion and MABCC criterion values of both the criteria involved in the use of the product
The actual functionality of the product LDV-1000 that Alice found on using the product is as follows: (a) A battery life between 1.5 and 2 hours (and) (b) A screen resolution of not less than 1024*1024 pixels, which is adjustable to the desired resolution of 1024*768 pixels.
From the above description of actual functionality of the laptop found by Alice on using it, we can surmise that: (a) Actual Behaviour Criterion Correlation value for the criterion 'Battery Life' ABCCorr BatteryLife would be '0', since in the product manual the product manufacturer had put forth a commitment that the battery life would be no less than 3 hours, but in reality Alice found it to be between 1.5 and 2 hours (b) Actual Behaviour Criterion Correlation value for the criterion 'Screen Resolution' ABCCorr ScreenResolution would be '1', since in the product manual the product manufacturer had put forth a commitment that the screen resolution would be no less than 1024 *1024 pixels which would be down gradable to 1024*768 pixels. On using the product, Alice found it to be exactly the same as mentioned in the product manual. (c) MABCCorr BatteryLife and MABCCorr ScreenResolution correspond to the mutually agreed functionality values for the two criteria listed above. From Table 5 .2 it can be seen that values for each of these would correspond to '1'.
Step 4(b): Determine the Clear criterion values of both the criteria involved in the use of the product
From the above description, we can see that the desired output of both the functionalities (criteria) that Alice is looking for in the laptop LDV-1000 has been clearly mentioned in the product manual. Additionally, the desired outputs of both the functionalities that have been quantified and expressed by Alice do not conflict with those mentioned in the product manual.
Since the product manual does not disagree with the desired output by Alice for both of these criteria, the clarity value for the criterion of 'battery life' (Clear BatteryLife ) and the clarity value for the criterion of 'screen resolution' (Clear ScreenResolution ) would be '1'.
Step 4(c): Determine the Imp criterion values of both the criteria involved in the use of the product Let us assume for argument's sake that the Alice considers both the criteria to be 'very important'. Hence, the importance of the criterion, 'battery life' (Imp BatteryLife ) would be '3' and the importance of the criterion, 'screen resolution' (Imp ScreenResolution ) would be '3'. The actual value (we make use of the term actual value to quantitatively express the actual functionality) of the product LDV-1000, as perceived by Alice is as follows [1, 2] :
ActualValue LDV-1000 = (ABCCorr BatteryLife * Clear BatteryLife * Imp BatteryLife ) + (ABCCorr ScreenResolution * Clear ScreenResolution * Imp ScreenResolution )
ActualValue LDV-1000 = (0*1*3) + (1*1*3) = 3
Step 4(e): Express Quantitatively the Mutually Agreed Value of the Product
The mutually agreed value (we make use of the term mutually agreed value to quantitatively express the mutually agreed functionality) between Alice and the product LDV-1000, as perceived by Alice is as follows [1, 2] : Hence, numerically the QoP of the laptop LDV-1000 in the context of 'screen resolution and battery life' and during the time slot of its use by Alice is 3 which semantically corresponds to 'minimally trustworthy', from the trustworthiness scale proposed in our earlier publications [1, 2] . In this paper we illustrated with an example and case study how the trustworthiness methodology proposed in our earlier research work [1, 2] can be used to determine the quality of product (QoP) of a given product. Using a case study comprising of the use of a product by a user, each of the steps in the trustworthiness measurement methodology were subsequently explained. Furthermore, all the steps were illustrated and supplemented by demonstrating the working of our trustworthiness measurement methodology software that we have developed.
